Purpose: To evaluate health literacy in a cohort of 75 adolescents with sickle cell disease (SCD). Design and Methods: This cross-sectional, descriptive correlational study included assessment of demographic measures and appraisal of data resulting from completion of the REALM-Teen and Newest Vital Sign (NVS) instruments by 75 Black, non-Hispanic adolescents with SCD. Convenience sampling was utilized. Inclusion criteria were a diagnosis of one of the four primary genotypes of SCD and age 10-19 years. Results: Thirty-seven males and 38 females were recruited for the study. Their mean age was 14.7 years (SD = 2.2; range 8.1). Their grade level ranged from 4 to 12 (mean 8.7; SD = 2.2). Scores on the REALM-Teen ranged from 12 to 66 (mean 53.7; SD = 12.8). Scores on the NVS ranged from 0 to 6 (mean 2.37; SD = 1.33). These health literacy scores were lower using both the REALM-Teen and the NVS instruments when compared to scores in all healthy adolescents and adults. Current grade level and health literacy scores showed a moderately high positive correlation (r = 0.52, p b 0.01). Health literacy scores were also significantly positively correlated with age (r = 0.49, p b 0.01) and income (r = 0.37, p b 0.01). Conclusions: Health literacy in adolescents with SCD is suboptimal. Future research should include identifying facilitators and barriers to health literacy levels in a larger cohort of adolescents with SCD. Practice Implications: Health literacy is a potential facilitator of successful health outcomes for all adolescents. This study lays a solid foundation for future adolescent health literacy initiatives.
. The challenges of transitioning children with chronic illness from pediatric care to adult care are well described in patients with sickle cell disease (SCD) (Debaun & Telfair, 2012; Hankins et al., 2012; Wills et al., 2010) . Due to advancements in medicine, SCD is no longer only affecting children; but, instead, it is now also affecting a substantial number of adults. In fact, between 94% and 98% of children with all genotypes of SCD are now living to the age of 18 and beyond (Quinn, Rogers, McCavit, & Buchanan, 2010) . However, the literature shows that after patients with SCD are transferred from pediatric care to adult care, significant morbidity and mortality occurs. For example, from 2005 to 2006, the highest rate of acute care encounters and rehospitalizations among patients with SCD occurred in patients between the ages of 18-30 years of age (Brousseau et al., 2010) . In addition, recent analysis of The Dallas Newborn Cohort (a newborn inception cohort comprised of 940 participants followed for 8857 patient-years) showed that 94% of Cohort patients are now living to be 18 years of age or older (an increase from 85.6% in 2004) . However, the only recent deaths in the cohort (N = 7) occurred within 1.8 years after transfer of care from pediatric care to adult care (Median = 1.2 years; Range = 0.2-5.3 years) (Quinn et al., 2010) .
Many factors may influence the success or failure of this transition, including: a) most patients are publically insured, leading to significant health disparities; b) patients with SCD have a high incidence of cognitive deficits; c) patients with SCD lack a medical home once transition is made (Debaun & Telfair, 2012; Hemker, Brousseau, Yan, Hoffmann, & Panepinto, 2011; Mvundura, Amendah, Kavanagh, Sprinz, & Grosse, 2009; Panepinto, Owens, Mosso, Steiner, & Brousseau, 2012) . One proposed hypothesis is that health literacy plays a role in the outcomes related to transition of children from pediatric to adult health care. If patients with chronic illness have higher health literacy as adolescents, it is postulated that they are more likely to have better health outcomes during and after transition.
Health literacy is defined as "the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions" (Ratzan & Parker, 2000) . Numeracy is an associated concept and is defined as "the ability to use numbers and mathematical concepts" (Weiss et al., 2005, p. 515) . Higher health literacy and numeracy are associated with higher levels of health knowledge, more positive health behaviors, and improved clinical outcomes in adults; whereas low adult health literacy contributes to between $106 and $236 billion in U.S. health expenditures annually (Kutner, Greenberg, Jin, Paulsen, & White, 2006) . The relationships between improved health outcomes related to high health literacy in pediatric populations is beginning to surface, however, significant gaps still remain (Cheng, Dreyer, & Jenkins, 2009; Driessnack, Chung, Perkhounkova, & Hein, 2014; Jang & Kim, 2015; Manganello, DeVellis, Davis, & Schottler-Thal, 2015; Patel, Ferris, & Rak, 2016; Sanders, Federico, Klass, Abrams, & Dreyer, 2009; Warsh, Chari, Badaczewski, Hossain, & Sharif, 2014) .
The purpose of this study was to describe the factors influencing facilitators and barriers of health literacy levels in adolescents with SCD. Specifically, the research question was "what is the relationship among age, gender, current grade level, annual household income, parental education level, number of annual healthcare encounters and differing levels of health literacy in adolescents with SCD?"
Design and Methods
This study used a descriptive, correlational cross-sectional design to explore the facilitators and barriers to health literacy levels in adolescents with sickle cell disease (SCD). A framework for studying adolescent health literacy was developed by Manganello and is named the Adolescent Health Literacy Model (Manganello, 2008) . This model was used for this project to help conceptually and operationally define variables. Please see Fig. 1 for a graphic of the original model by Manganello (2008) . The section of the model that was used for this study has been outlined below.
Because this was an exploratory study, only "Individual Traits" and their relationships to health literacy were evaluated; thus, the model was adapted for this study (please see Fig. 2 for the adapted model) . Therefore, based on the "Individual Traits" construct, age, gender, current grade level, annual household income, parental education level and number of annual healthcare encounters were correlated with health literacy scores in order to determine relationships among variables (Manganello, 2008) .
Instruments
The REALM-Teen is currently the only validated health literacy instrument for adolescents (Davis et al., 2006) . Several studies have evaluated the use of the Newest Vital Sign (NVS) health literacy instrument for use in adolescents; however, the data is limited and more data is needed to fully validate this instrument for use in adolescents (Driessnack et al., 2014; Jang & Kim, 2015; Patel et al., 2016; Warsh et al., 2014) . Therefore, a secondary aim of this study was to gather validation data for the Newest Vital Sign (NVS) health literacy instrument for use in adolescents. Thus, both instruments were administered to each participant.
REALM-Teen
The REALM-Teen shows strong internal consistency (Cronbach's α: 0.94) and strong test-retest reliability (r = 0.98) (Davis et al., 2006) . The REALM-Teen also has high criterion validity for reading ability when correlated with two other literacy tests, the Wide Range Achievement Test-3 (WRAT-3) (r = 0.83) and Slosson Oral Reading Test-Revised (SORT-R) (r = 0.93) (Davis et al., 2006) . The REALM-Teen is the only one, however, that measures literacy in the context of health.
The REALM-Teen is a one page instrument with three widely spaced columns, consisting of 66 total health words arranged in increasing order of difficulty for pronunciation. The test is scored according to correct pronunciation. Correct pronunciation is based on dictionary pronunciation, which is considered the standard when conducting research regarding correct pronunciation (Davis et al., 2006) . The raw test score is obtained by counting the number of incorrect pronunciations and skipped words and subtracting them from the total number of words. Therefore, the raw score is the total number of correctly pronounced words; and, the final score is the conversion of the raw score to a grade-level score. For the purposes of this study, raw REALM-Teen scores were used for analysis.
Newest Vital Sign (NVS)
The NVS evaluates both literacy and numeracy (the ability to understand and work with numbers) as well as the ability to locate and apply information (Weiss et al., 2005) . It is important to validate the NVS for Fig. 1 . Adolescent health literacy framework (Manganello, 2008) . use in adolescents, as the only currently validated instrument, the REALM-Teen, does not measure numeracy or the ability to locate or apply information.
The Newest Vital Sign (NVS) is a 6-item test based on the ability to read and apply information from a nutrition label. The NVS has only been validated in adults, which is why it was used in conjunction with the validated REALM-Teen for this study. The internal consistency of the NVS-English is good (Cronbach's α = 0.76), as is the criterion validity when compared to the Test of Functional Health Literacy in Adults (TOFHLA) (r = 0.59, p b 0.001) (Weiss et al., 2005) . The test is scored by giving one point for each correct answer (maximum of six).
Sampling and Recruitment
Convenience sampling was utilized for participant recruitment. Consistent with Harris's Rule for power of correlational studies (N N 50 + m, where m is the number of predictors), 75 participants were recruited for this study (Harris, 1985) . The purpose and procedures of the study were discussed and participants were recruited from the outpatient hematology clinic in a large, southern, metropolitan city between October and December 2014 during regularly scheduled clinic visits.
Inclusion criteria for this study were that study participants: 1) had been diagnosed with one of the four primary genotypes of SCD; and 2) were between the ages of 10-19 at the time of study. Exclusion criteria for this study were that study participants 1) did not read and/ or speak English as their primary language; and 2) had been diagnosed with a genotype of SCD that is not one of the primary four genotypes. The University of Texas at Austin Institutional Review Board (IRB) and the University of Texas Southwestern Medical Center IRB reviewed and approved this study. Informed consent and assent were obtained from all legal parents or guardians and adolescents.
Data were collected by the PI or other trained research staff on the SCD research team at CMCD. Parents completed a demographic data sheet, and participants completed the REALM-Teen, followed by the Newest Vital Sign. Both instruments were administered orally. If the PI was not present, the data collection sessions were digitally audio recorded so that all analysis of results were conducted by the same person (the PI) to provide internal consistency of the data.
Of note, annual household income was divided into categories for collection and analysis. Ten responses were not captured and, additionally, ten participants answered either "prefer not to answer" or "do not know". For this reason, data for this variable includes only 55 of the 75 participants. Parental education level was divided into ordinal categories for collection. Parental education categories included a) did not complete high school; b) completed high school or equivalent; c) college; and d) graduate or professional school.
Results
Data were entered into IBM SPSS 22.0 Statistical Software for analysis. Descriptive statistical analysis was performed to examine the demographic characteristics of the sample. Pearson and Spearman correlations were performed to examine relationships among all study variables. Both multiple and simple regressions were also performed to identify predictor variables that contributed most to health literacy scores in this sample.
Because the validated health literacy instrument for adolescents is the REALM-Teen, when referring to "health literacy scores", the text is referring to REALM-Teen scores, unless otherwise noted. In addition, (Perry, 2015) .
REALM-Teen (health literacy variable) data were not normally distributed; thus, both parametric and non-parametric statistics were run on all data. Therefore, any Pearson correlations that are reported as significant are based on a significant Spearman's correlation result as well. If there was no significant Spearman's correlation for the relationship, the results are reported as "non-significant". The level of statistical significance set for this study was p b 0.05.
Sample
The study sample included 75 black, non-Hispanic adolescents with SCD. The mean age of this study sample was 14.7 years (SD = 2.2) with a range from 10.3 to 18.4 years of age. The sample was comprised of a relatively equal number of males and females, with 37 males (49.3%) and 38 females (50.7%). The current grade level of participants ranged from grade 4 to grade 12, with a mean grade level of 8.7 (SD = 2.2). Thirty-six percent of the sample was on a chronic transfusion program. Nineteen percent had a history of overt stroke; and, 4% had a history of silent stroke. Twenty-seven percent of the sample was on Hydroxyurea. Please see Table 1 for demographic details of the sample.
Scores on Outcome Measures

REALM-Teen
The mean score on the REALM-Teen was 53.7 (SD = 12.8). The range was 54, with scores ranging from 12 to 66. The mean score for males was 50.7 and for females was 56.6. An independent t-test showed that the differences in mean scores on the REALM-Teen between males and females in this sample was statistically significant (t = − 2.008; p = 0.049). It should also be noted that out of six REALM-Teen scores that were low outliers, five of these were males and only one of these was female. There were no high outliers, male or female.
Newest Vital Sign (NVS)
The NVS data collected provided much needed insight into several aspects of health literacy in adolescents with SCD for which the REALM-Teen could not provide, including an evaluation of numeracy. The mean score for the NVS (N = 75) in this sample was 2.37 (SD = 1.33), indicating the possibility of limited literacy in this sample (Weiss et al., 2005) . The mean for males was 2.32 and for females was 2.42. An independent t-test showed that there was not a statistically significant difference between NVS mean scores between males and females in this sample (t = −0.312; p = 0.756).
An average of 18.33% of participants correctly answered the four numeracy questions on the NVS. In contrast, an average of 82.66% of participants correctly answered the two reading questions on the NVS. Inter-item correlations among NVS questions were very low between math questions (numeracy) and reading questions.
The correlation between NVS scores and REALM-Teen scores was a significant moderate, positive correlation (r = 0.383, p b 0.01). The internal consistency for the NVS in this population was at the low end of acceptable (Cronbach's α = 0.627). Table 2 presents the correlations among predictor variables. There were several significant relationships among predictor variables. The strongest significant positive correlation was between age and current grade level (r = 0.97, p b 0.01). There was a moderate significant positive correlation between parental education level and annual household income (r = 0.47, p b 0.01). There were also small significant positive correlations between annual household income and age (r = 0.30, p b 0.05) as well as annual household income and current grade level (r = 0.33, p b 0.05). Neither gender nor annual healthcare encounters were significantly correlated with any other predictor variable. While not a primary research question, it should be noted that the presence of neurologic deficits (stroke or silent stroke) was not significantly correlated to health literacy scores (r = −0.108; p = 0.354; r = −0.170; p = 0.148, respectively).
Correlational Analyses
There were several statistically significant correlations between predictor variables and health literacy scores. Current grade level and health literacy scores on the REALM-Teen showed the highest (yet still moderate) significant positive correlation. (r = 0.52, p b 0.01). Health literacy scores were also significantly positively correlated with age (r = 0.49, p b 0.01) and annual household income (r = 0.37, p b 0.01). Health literacy scores were positively correlated with parental education level (r = 0.233), but this variable did not reach statistical significance.
Multiple Regression
Due to a paucity of previous literature on this topic, the forced entry method was used for regression analysis and all significant predictors were forced simultaneously into the model. Regression analysis found that, together, grade level and annual household income explain a significant amount of the variance in health literacy scores (F (2.49) = 15.92, p = 0.000, R 2 = 0.394, R 2 adjusted = 0.369). When each variable was analyzed individually, the model showed that current grade level significantly contributed to the model (β = 3.09, SE (β) = 0.698, Standardized β = 0.521, p = 0.000). However, the model also showed that annual household income did not significantly contribute to the model (β = 1.60, SE (β) = 0.858, Standardized β = 0.219, p = 0.069). Thus, the model shows that with every unit increase in grade level, a threepoint increase in health literacy scores occurs, with all other variables being held constant. Table 3 shows the results of this multiple regression analysis. As previously mentioned, due to missing data, the annual household income variable only yielded n = 55. There were also three missing data points from the current grade level variable. Thus, the multiple regression analysis including current grade level and annual household income only resulted in an N = 52. Therefore, a simple regression was run on only the current grade level to adjust for missing data in the annual household income variable. There was no significant difference between results of multiple regression or simple regression. Thus, only multiple regression results are reported here.
Discussion
This study contributes several significant findings to the literature. First, this study revealed the previously unknown current state of health literacy in a sample of adolescents with SCD. The REALM-Teen health literacy instrument that was used for this study is designed to correlate raw scores with grade level literacy. With a mean score of 53.7, the average grade level literacy equivalent for this sample was 6th-7th grade despite the fact that the average grade level for this sample was 8th to 9th grade (Davis et al., 2006) and mean age was 14.7 years. Thus, this sample performed below the expected health literacy level for their respective average grade.
In the study by Davis et al. that validated the REALM-Teen in adolescents aged 10-19 years of age (N = 1533), average scores on the REALM-Teen were 56.8 (SD = 10.7; median = 61) and females scored significantly higher than males (mean = 58.1 vs. 55.5 respectively) (Davis et al., 2006) . In this same sample, white respondents also scored significantly higher than black adolescents after adjusting for age and current grade level (mean = 61 versus 52.8, respectively, p b 0.001). In our sample, mean scores were slightly lower than the mean score from the Davis et al. (2006) sample (53.7 vs. 56.8, respectively); but, our sample of only Black participants had a slightly higher mean REALM-Teen score than the Black participants in the previous study (53.7 vs. 52.8, respectively).
Because there is a scarcity of literature evaluating the NVS in large adolescent samples, scores from this study mostly have adult scores with which to compare. In a study by Weiss et al. (2005) validating the NVS in 250 adults in a primary care clinic with a mean age of 41.3, the mean score for the NVS was 3.4 (SD = 1.9) with a range from zero to six. The NVS validation article reported no difference in scores between men and women. Thus, when compared to a group of adults that were used to validate the NVS, the adolescents in this sample had a lower mean score (3.4 vs. 2.37, respectively). This result is not surprising, as this study showed that age is significantly correlated with health literacy scores (r = 0.49, p b 0.01); and, the mean age of the sample in the Weiss et al. (2005) study is much higher than the mean age of this sample. Of significant note from the NVS, however, is the fact that participants scored significantly lower on the numeracy questions on the instrument.
When comparing NVS scores of this study sample to NVS scores of other studies using the NVS in children and adolescents, results are contrasting among studies (Driessnack et al., 2014; Warsh et al., 2014) . In one study validating the use of the NVS in adolescents (N = 97; mean age = 11 years), the mean score on the NVS was 2 (Warsh et al., 2014) . Thus, when compared to Warsh et al. (2014) sample, the sample in the current study performed above this mean (2.0 vs 2.37 respectively). However, in another study using the NVS in children (N = 47; ages 7-12), the mean NVS score of participants was 4.8 (SD = 1.5) (Driessnack et al., 2014) . This is a significantly higher mean than the mean score of this sample (4.8 vs. 2.37, respectively). Therefore, due to the smaller samples sizes and different ages of samples, it is difficult to compare scores. However, these incongruent findings emphasize the need for more research into the use of the NVS in this population.
Aside from the comparison of health literacy scores of this sample to other samples, this study showed that there are significant relationships between age, grade, annual household income and health literacy scores in this sample of adolescents with SCD. Additionally, this research showed that grade level significantly predicted health literacy scores in this sample, with each grade level increase also increasing REALM-Teen scores by three points.
These results have key implications for multidisciplinary teams. One key implication is the knowledge that patients with SCD scored poorly on the numeracy portion of the NVS. This is a significant finding because a large majority of patient education is centered on numeracy (e.g. medication administration and adherence). Knowing that adolescent patients scored poorly on math questions can potentially guide adjustments to teaching methods, ensuring the instructions given to patients consider potential numeracy limitations.
It is also a key implication that the presence of neurologic deficits (stroke or silent stroke) was not significantly correlated to health literacy scores (r = −0.108; p = 0.354; r = −0.170; p = 0.148, respectively). While the reason for this is not fully understood, it is noteworthy in the context of patients with SCD that it not be assumed that patients with a history of stroke have lower health literacy levels than that of other patients with SCD.
Furthermore, while most of the conclusions of this study are based on findings from both literacy tools, administering both of these health literacy instruments provided complementary insight into a patient's health literacy level. Each instrument provided unique insight into the patient's health literacy levels and limitations. In addition, it only took approximately two to five minutes to administer each instrument. Therefore, these health literacy instruments could potentially be used to help clinicians quickly identify the health literacy level of an individual patient. With that knowledge, clinicians could potentially better tailor education interventions for each specific patient. Additionally, the clinicians, armed with this knowledge would be able to submit appropriate referrals for educational services that better matched patient needs and abilities. Thus, this study showed the need for future research into health literacy's role in both the individual patient's understanding of health information as well as providers' delivery methods for individualized patient and family education.
Lastly, this study provided significant insight into the need for further validity and reliability data in instruments evaluating health literacy in adolescents. Results of criterion validity analysis showed that the correlation between NVS scores and REALM-Teen scores was a significant moderate, positive correlation (r = 0.383, p b 0.01). The internal consistency for the NVS in this population was not high, but was acceptable (Cronbach's α = 0.627). It is postulated that a higher internal consistency was not achieved due at least in part to low correlations between items requiring numeracy and reading skills. It is also postulated that this may be a common finding in adolescents when using this instrument, further indicating the need for more validity and reliability data on these health literacy instruments in adolescents.
Limitations
There are several limitations to this study. The convenience sample of 75 participants was recruited from the weekly SCD clinic; thus, there was a sample bias of those that came to clinic. Furthermore, selfreport on demographic questionnaires can always potentially lead to an inaccuracy in recall or a desire to not fully disclose some personal information. Most notably for this study was the lack of complete data regarding annual household income, which was also a limitation. Additionally, previous studies have not evaluated the reliability and validity of the REALM-Teen or NVS in a predominately Black sample. Thus, there is a potential cultural bias to these instruments. Moreover, the demographics of this sample are not congruent with the demographics of the general U.S. SCD population, as this study sample had a disproportionate number of patients with Hb SS or Hb SB 0 ; and, this sample had a larger percentage of patients with overt stroke and a smaller percentage of patients with silent stroke. Lastly, while the purpose of this study was to evaluate the health literacy of all adolescents (ages 10-19 years), the wide range of ages for this sample (10.3 to 18.4 years of age) should be considered when interpreting these results.
Strengths
While there are several limitations to the study, there are also many strengths to this study. One of the greatest strengths of this study is that it is an innovative study, describing and evaluating health literacy levels in patients with SCD, a new and understudied population in the health literacy literature. In addition, it is one of the few studies of health literacy in the adolescent population; therefore, this study will contribute significantly to the SCD health literacy literature as well as the adolescent health literacy literature.
Another strength of this study is that a multidisciplinary team helped to develop and implement this study. The study team was comprised of faculty from The School of Nursing, The School of Advertising and Public Relations and The University of Texas Southwestern Medical School. Input was given from all of these different areas of expertise, leading to one streamlined study that is relevant in many different fields.
Conclusions and Practice Implications
This study not only provided much needed insight into the health literacy levels of adolescents with SCD, but it also yielded meaningful implications for future clinical care and research in varying fields of study. Firstly, this study showed that evaluating health literacy scores in adolescents with SCD is feasible as all adolescents who agreed to participate were able to complete both scales and administration time was approximately two to five minutes for each instrument. Therefore, the possibility of using health literacy scores as a guide for clinical care and educational focus is potentially feasible as well. Secondly, this study showed that the health literacy levels of this population were low; thus, more research is needed to further investigate the facilitators and barriers to health literacy levels in adolescents with SCD. Thirdly, these results show that significant relationships exist between individual traits and health literacy levels in adolescents with SCD; and, they show that grade level -more than age -significantly predicts health literacy scores in this population. Providers should be aware that a 17 or 18 year old patient may have the health literacy of a younger adolescent, depending upon their grade level. Therefore, these findings lay a solid foundation for future research further investigating relationships among these variables -including the relationship of health literacy to key health outcomes for adolescents with SCD; and, they inform a future program of work focusing on a health literacy intervention to improve outcomes from transition over time.
